Introduction
============

Alcohol dependence is a common concern during hospitalization, affecting an estimated 15%--20% of patients.[@b1-cpaa-6-171] Chronic alcohol use leads to modulation of the central nervous system. *N*-Methyl-D-aspartate (NMDA) receptors are upregulated, while gamma-aminobutyric acid (GABA) receptors become downregulated.[@b2-cpaa-6-171] Temporary absence of alcohol in this setting results in hyperactivity due to enhanced NMDA function, reduced GABA stimulation, and dysregulation of the dopaminergic system,[@b2-cpaa-6-171] all of which contribute to various alcohol withdrawal (AW) symptoms.

AW manifests from alcohol dependence, and symptomatology varies greatly among patients. The most frequent symptoms result from noradrenergic hyperactivity and include tremulousness, sweating, hypertension, tachycardia, and agitation.[@b3-cpaa-6-171],[@b4-cpaa-6-171] These symptoms typically do not require medical intervention, although severe cases of AW may necessitate medical care. In severe cases of AW, patients may suffer from neuronal excitation, such as epileptiform seizures, delirium tremens, and the possibility of death due to severe pulmonary and cardiovascular toxicities.[@b3-cpaa-6-171],[@b4-cpaa-6-171] Symptom presentation begins after 6--24 hours of abstinence with a typical duration of 48--72 hours, although some patients may experience longer withdrawal periods.[@b1-cpaa-6-171]--[@b4-cpaa-6-171]

The first-line pharmacologic agents for AW management are benzodiazepines due to their pharmacological action of enhancing GABA-mediated inhibition.[@b1-cpaa-6-171],[@b2-cpaa-6-171] They effectively alleviate symptoms while acting to treat and prevent AW seizures due to influx of chloride ions. The influx of anions causes hyperpolarization and creates an inhibitory effect on action potential firing.[@b5-cpaa-6-171],[@b6-cpaa-6-171] Despite these benefits, patients with severe cases of AW can be refractory to standard symptom-triggered benzodiazepine dosing.[@b7-cpaa-6-171] In such cases, dosing continues to increase as the patient remains symptomatic, a consequence of misunderstanding and non-cognizance of AW severity and pathology, in addition to protocol standardization. Such circumstances produce benzodiazepine overuse,[@b8-cpaa-6-171]--[@b10-cpaa-6-171] potentially causing excessive sedation, insomnia, delirium, and respiratory depression.[@b11-cpaa-6-171],[@b12-cpaa-6-171]

Propofol is a sedative agent that enhances GABA activity, similar to benzodiazepines. However, propofol binds at a different receptor site compared to benzodiazepines.[@b6-cpaa-6-171],[@b13-cpaa-6-171] In comparison to benzodiazepines for sedation, propofol may decrease time to extubation,[@b14-cpaa-6-171],[@b15-cpaa-6-171] and has displayed antiepileptic properties in refractory seizures,[@b16-cpaa-6-171]--[@b20-cpaa-6-171] although in patients with AW has not been shown to shorten duration of AW or hospital length of stay.[@b21-cpaa-6-171]

Dexmedetomidine is a centrally acting α-2 adrenergic agonist used for sedation in both intubated and nonintubated patients.[@b22-cpaa-6-171],[@b23-cpaa-6-171] Dexmedetomidine has analgesic properties, does not cause respiratory depression,[@b23-cpaa-6-171]--[@b26-cpaa-6-171] and has been shown to decrease duration of mechanical ventilation compared to other sedative agents.[@b27-cpaa-6-171]--[@b29-cpaa-6-171]

Recent studies and case reports using propofol,[@b18-cpaa-6-171]--[@b21-cpaa-6-171],[@b30-cpaa-6-171] and more recently dexmedetomidine, have shown reductions in benzodiazepine requirements and symptom control in patients with AW refractory to benzodiazepine therapy alone.[@b31-cpaa-6-171]--[@b37-cpaa-6-171] To date, these agents have not been compared against each other. The goal of this study is to compare the effects of dexmedetomidine and propofol on benzodiazepine and haloperidol requirements in patients with AW.

Methods
=======

Patient selection
-----------------

Data were obtained via electronic medical record, identifying 124 patients who had orders for the AW order set and concurrent use of either dexmedetomidine or propofol for sedation from November 2010 to October 2013. Patients were included if they had a diagnosis of AW, received either sedative agent, and were actively receiving the institution's AW order set. Patients were excluded if they had AW orders discontinued before start of a sedative agent, age less than 18 years, scheduled benzodiazepine or antipsychotic continued from home, concomitant administration of a continuous infusion benzodiazepine, contraindication to using benzodiazepines or antipsychotics, or immediately received either sedative agent within 4 hours of hospital admission. Patients who received both dexmedetomidine and propofol were also excluded from the analysis ([Figure 1](#f1-cpaa-6-171){ref-type="fig"}).

Study protocol
--------------

This retrospective study was Institutional Review Board approved, and informed consent was waived. Data were collected from patients admitted to the medical, cardiac, surgical, or transitional intensive care units (ICUs) (27 beds total). The AW protocol contains intravenous fluids, thiamine, vitamins, haloperidol, and lorazepam. Lorazepam dosing correlates to the Alcohol Withdrawal Assessment Scale (AWAS), which evaluates tremor, tachycardia, blood pressure, diaphoresis, fever, nausea and vomiting, agitation, confusion or disorientation, sleeplessness, and hallucinations, each on a scale of 0--3 (except sleeplessness, which has a scale of 0--2) for a maximum score of 29. Intravenous lorazepam is preferred in patients with an AWAS score more than 11. Scoring is performed every 30 minutes by nursing, and lorazepam dosing is given based on the current score. Haloperidol may be used every 30 minutes as needed for "severe agitation." Dexmedetomidine and propofol are not listed on the AW protocol, and initiation of therapy is determined by provider judgment. Standard hospital dosing and titration protocols were used for dexmedetomidine and propofol. These protocols do not utilize bolus dosing.

Data collection
---------------

Eligible patients were analyzed based on the choice of sedative agent (ie, dexmedetomidine or propofol). Patient data were collected 24 hours before to 24 hours after initiation of the sedative agent ([Figure 2](#f2-cpaa-6-171){ref-type="fig"}). If a patient was started on sedation within the first 24 hours of admission, data were collected for the same time period following initiation of the sedative. The primary objective was to compare benzodiazepine and haloperidol utilization before and after initiation of dexmedetomidine or propofol. Benzodiazepine use is expressed in lorazepam equivalence ([Table 1](#t1-cpaa-6-171){ref-type="table"}).[@b38-cpaa-6-171] Secondary objectives included ICU length of stay, rates and time of intubation, analgesic usage, AWAS score, Richmond Agitation Sedation Scale (RASS), Confusion Assessment Method for the ICU (CAM-ICU), and incidence of bradycardia and hypotension. Bradycardia was defined as a heart rate less than 60 bpm (beats per minute), and hypotension as a systolic blood pressure less than 90 mmHg.

Statistical analyses
--------------------

Statistical analyses were performed using SPSS Statistics 21 (IBM Corporation, Armonk, NY, USA). Two-tailed Wilcoxon signed-rank tests were used to assess significances between 24-hour before and 24-hour after initiation of sedation with benzodiazepine and haloperidol. Two-tailed Mann--Whitney *U* tests assessed whether benzodiazepine use, haloperidol use, rates and time of intubation, and ICU length of stay differed between the dexmedetomidine and propofol groups. A *P*-value of less than 0.05 was considered statistically significant.

Results
=======

Of the 124 patients who received orders for the AW protocol and the use of a sedative agent, 41 were included in the analysis. Fifty-three of the patients used dexmedetomidine and propofol concurrently and were excluded. Twelve received dexmedetomidine or propofol immediately on admission, nine had AW protocol discontinued upon initiation of sedation, five had a benzodiazepine or antipsychotic continued from home, three received a continuous infusion of a benzodiazepine, and one was placed on comfort care within 6 hours of AW protocol initiation ([Figure 1](#f1-cpaa-6-171){ref-type="fig"}).

Benzodiazepine and haloperidol dosing
-------------------------------------

Nine patients (26.4%) received a benzodiazepine other than lorazepam in the dexmedetomidine group, compared to three patients (42.9%) in the propofol group, and were converted to lorazepam equivalency. Mean benzodiazepine and haloperidol use during the 24-hour period before initiation of sedation in the dexmedetomidine group was 20.9 mg and 8.5 mg, respectively. This was similar to the propofol group, where mean benzodiazepine and haloperidol use was 17.4 mg and 8.7 mg, respectively, prior to initiation of sedation ([Figure 3](#f3-cpaa-6-171){ref-type="fig"}). In the 24-hour period following initiation of sedation, benzodiazepine and haloperidol requirements were decreased to 4.4 mg and 0.9 mg in the dexmedetomidine group (*P*≤0.0001 and *P*≤0.0001), and 3.9 mg and 0.7 mg (*P*=0.043 and *P*=0.026) in the propofol group ([Figure 3](#f3-cpaa-6-171){ref-type="fig"}). Differences in benzodiazepine and haloperidol use between the two groups were not statistically significant (*P*=0.933 and *P*=0.465, respectively).

Secondary measures
------------------

Mean AWAS scores before initiation of sedation were 11.4 (n=24) in the dexmedetomidine group and 12.8 (n=2) in the propofol group. The AWAS average after initiation of dexmedetomidine was 7.5 (n=18). AWAS scores were not available in 15 patients. No patients in the propofol group received follow-up scoring. Average RASS scores were 0.11 and 0.87 in the dexmedetomidine and propofol groups, which decreased to −0.7 and −2.5, respectively, after initiation of sedation. RASS scores were not available in 12 patients. Of the six patients who had Confusion Assessment Method for the ICU scores performed, all six were positive before initiation of sedation. Only one patient had resolution of delirium after 24 hours of dexmedetomidine. There were no differences in analgesic usage between the groups.

Intubation and ICU length of stay
---------------------------------

Five patients (14.7%) in the dexmedetomidine group and all seven patients (100%) in the propofol group were intubated. When intubation was required, intubation times were shorter in the dexmedetomidine group (19.9 hours vs 97.6 hours; *P*=0.002). Four of the five intubated patients in the dexmedetomidine group were extubated during the infusion. There was no statistically significant reduction in ICU length of stay between the groups (123.6 hours vs 156.5 hours; *P*=0.125).

Adverse events
--------------

Bradycardia and hypotension were the only adverse effects evaluated in the analysis ([Table 2](#t2-cpaa-6-171){ref-type="table"}). Six patients (17.6%) in the dexmedetomidine group developed bradycardia and six (17.6%) developed hypotension. Dexmedetomidine was discontinued due to hypotension in one patient (2.8%). Of the six patients who developed hypotension, none of the patients received a bolus dose, and continuous infusion doses ranged from 0.4 μg/kg/h to 0.8 μg/kg/h. The effects of dexmedetomidine on hypotension were seen immediately upon initiation of the infusion and were typically accompanied by slight improvement within a couple of hours. Among patients who developed bradycardia, a drop in heart rate was seen upon initiation of the infusion, followed by slow progression to bradycardia. Bradycardia did not resolve unless the infusion rate was decreased or the infusion was discontinued. No patients in the propofol group developed bradycardia. Two patients in the propofol group developed hypotension (28.5%) during therapy. Hypotension developed in both patients at a dose of 50 μg/kg/min. Blood pressure improved in both patients after reduction of infusion. Propofol was not discontinued in any patient due to adverse events. Three deaths occurred in study patients, one in the dexmedetomidine group and two in the propofol group. All deaths were related to end-stage liver disease and not attributed to the use of either sedative agent.

Discussion
==========

Both dexmedetomidine and propofol significantly decreased benzodiazepine and haloperidol requirements in patients with AW. The overall reduction in benzodiazepine and haloperidol requirements was not different when comparing dexmedetomidine and propofol. Small sample size limits speculation on the disparity of benzodiazepine dosage range between each group. However, mean dosing is similar; therefore, meaningful conclusions may still be drawn. Patients in the dexmedetomidine group trended toward shorter ICU length of stay (*P*=0.125). Only five (14.7%) patients in the dexmedetomidine group were intubated, with four being extubated while receiving dexmedetomidine. All seven patients in the propofol group were intubated while receiving propofol. When intubated, patients in the dexmedetomidine group were extubated sooner than those in the propofol group (*P*=0.002). However, it should be noted that type 1 error is possible due to the small number of intubated patients. Patients did experience more bradycardia and hypotension during dexmedetomidine therapy, with one patient requiring discontinuation due to adverse events.

While dexmedetomidine and propofol displayed reductions in benzodiazepine and haloperidol dosing, this may have been mediated through symptom control that reduced AWAS scores, rather than directly alleviating AW symptoms. However, given their therapeutic mechanisms, dexmedetomidine and propofol would provide benefits in patients with AW. Dexmedetomidine acts as a selective α-2 adrenergic receptor agonist,[@b39-cpaa-6-171]--[@b42-cpaa-6-171] working via a negative feedback mechanism to regulate norepinephrine release.[@b12-cpaa-6-171],[@b24-cpaa-6-171],[@b25-cpaa-6-171],[@b43-cpaa-6-171] The locus coeruleus, located in the pons, is responsible for regulating sleep and vigilance and contains a high density of α-2 receptors and noradrenergic neurons.[@b12-cpaa-6-171],[@b24-cpaa-6-171] These receptors and neurons are responsible for the antinociceptive and sedative effects.[@b44-cpaa-6-171],[@b45-cpaa-6-171] In addition, dexmedetomidine alleviates symptoms of AW through inhibition of noradrenergic hyperactivity, including tachycardia, hypertension, and tremulousness.[@b25-cpaa-6-171],[@b43-cpaa-6-171] Propofol works similar to alcohol and benzodiazepines as a positive modulator of GABA receptors and inhibition of NMDA receptors.[@b18-cpaa-6-171],[@b46-cpaa-6-171]--[@b48-cpaa-6-171] These effects may counteract the up- and downregulation of receptors seen in chronic alcohol abuse and prevent AW-related seizures.[@b16-cpaa-6-171]--[@b18-cpaa-6-171],[@b49-cpaa-6-171]

Among the limitations of this study is the retrospective design, which occasionally provided us with incomplete data for secondary objectives. The sample size was small (n=41), which prevents definitive conclusions from being drawn. However, the 34 patients in the dexmedetomidine group is one of the largest populations evaluated for the use of dexmedetomidine in AW to date. The sample of seven patients in the propofol group is also too small to draw conclusions, and also limits evaluation with uneven distribution of patients between groups. The utilization of the AWAS, which incorporates a variety of nonspecific symptoms including anxiety, agitation, and sweating, also serves as a limitation to our results. These symptoms can manifest in a variety of settings, leading to increased scores and dosing for symptoms unrelated to AW. Also, despite standardization in scoring systems, there is still the possibility of subjectivity, especially in a retrospective review. Doses were reviewed for patients who developed adverse events, but the average dose for all patients was not reviewed. Dexmedetomidine doses ranged from 0.4 μg/kg/h to 1.2 μg/kg/h, and propofol doses ranged from 20 μg/kg/min to 70 μg/kg/min with reductions in benzodiazepine and haloperidol dosing after initiation of sedation for both higher and lower infusion rates.

This study is unique in the comparison of dexmedetomidine to propofol in patients with severe AW. To date, the efficacy of dexmedetomidine has only been evaluated in case reports, retrospective reviews with no comparison group,[@b31-cpaa-6-171]--[@b36-cpaa-6-171] and a single double-blind, placebo-controlled trial.[@b37-cpaa-6-171] Propofol for refractory AW has only been evaluated in case reports.[@b18-cpaa-6-171]--[@b21-cpaa-6-171],[@b30-cpaa-6-171] This study confirms these reports and shows the potential benefits of dexmedetomidine and propofol in AW, although larger, more definitive trials should be performed to verify the results.

Conclusion
==========

Severe cases of AW may necessitate the addition of a sedative agent to control symptoms. Although our sample size is too small to draw definitive conclusions, this analysis, in addition to previous studies, supports the use of adjunctive dexmedetomidine and propofol in severe AW. Both dexmedetomidine and propofol appear to significantly reduce AW-related symptoms and benzodiazepine and haloperidol requirements. These results should be validated in a larger, prospective trial.
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###### 

Equipotent doses of various benzodiazepines

  Benzodiazepine           Equipotent dose
  ------------------------ -----------------
  Lorazepam -- IV/PO       1 mg
  Diazepam -- IV/PO        5 mg
  Chlordiazepoxide -- PO   25 mg

**Abbreviations:** IV, intravenous; PO, orally.

###### 

Adverse events

                           Bradycardia (HR less than 60 bpm)   Hypotension (SBP less than90 mmHg)   Discontinued due to ADR
  ------------------------ ----------------------------------- ------------------------------------ -------------------------
  Dexmedetomidine (n=34)   6 (17.6%)                           6 (17.6%)                            1 (2.8%)
  Propofol (n=7)           0 (0%)                              2 (28.5%)                            0 (0%)

**Abbreviations:** HR, heart rate; SBP, systolic blood pressure; ADR, adverse drug reaction; bpm, beats per minute.
